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Abstract 
Considerable attention has been paid to traffic pollution modeling for commercial vehicles due to their high amount of 
nitrogen compounds, particulate matter and greenhouse gas emissions. Conventional navigation systems for passenger cars 
enable the route choice process. However, commercial route guidance systems are not targeted to trucks specifically. Recently, 
a new navigation system has been designed to match the specific requirements of commercial vehicles. The purpose of this 
paper is to evaluate the effects of such a navigation system on the spatial environment. The major emissions varied by 
nitrogen compounds and particulate matters are approximated for hot emissions. Emissions on the fastest route and the 
suggested route followed by drivers are investigated respectively. Spatial analysis is used to investigate the influence on built-
up areas along the routes, and a regression analysis is conducted to specify the effects of the new navigation information on 
total emissions. It is found that the new navigation system has a significant positive effect on the improvement of traffic 
emissions. The routes suggested by the new navigation system lead to less impact on the built-up areas than the shortest paths. 
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1. Introduction 
Considerable attention has been paid to traffic pollution modeling for commercial vehicles due to their high 
amount of nitrogen compounds (NOx), particulate matter (PM) and the greenhouse gas emissions (GHG). The 
amount of pollution can be crucial in urban areas as trucks typically make more temporal stops and have lower 
speeds compared to cars. According to a recent Dutch study conducted by TNO, emissions from Euro-5 trucks 
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during urban driving were found to be about 3 times higher than regulatory levels, and it is only during highway 
driving, at speeds of about 80 km/h and above, that the emissions approximate regulated levels. The significant 
emissions and the impacts on living areas within cities highlight the necessity to examine route choice 
characteristics of truck drivers and provide route guidance for freight transport in an environmentally friendly 
way. 
In this regard, route choice of truck drivers plays an important role. Previous research has evidenced that route 
choice of truck drivers does not only depend on general route attributes such as travel time and travel distance, 
but that accessibility and regulations of roads, i.e. the grade of roads, and regulations on the weight also play a 
role (e.g., Holguín-Vera et al., 2008; Greenberg, 2009; Vadali et al., 2009; Arentze et al., 2010). In addition, 
preferences depend on the weight and length of vehicles in the sense that route choice decisions may be 
influenced by the desire to avoid any tied turns and narrow pass ways.   
In recent years, Geography Position Systems (GPS), which have been applied in logistics for a longer time, 
provide promising opportunities to further analyze route choice behavior. One of the popular applications of GPS 
is in the context of the navigation systems, such as Tomtom, Garmin, Navigon, etc. The navigator provides route 
information in terms of the time and/or distance to make travel easier. Nowadays, increasingly more people have 
become used to traveling with a navigator, especially when they are traveling to a new place on unfamiliar roads. 
A recent survey on the frequency of navigation use shows that more than 85% of truck drivers use navigation 
information in their daily trips (Arentze et al., 2010). 
Conventional navigation systems for passenger cars enable simplifying the route choice process. However, 
route guidance is not specifically targeted at trucks. Recently, a new in-car navigation system has been developed 
to match the specific requirements of trucks. The navigator avoids roads that are not accessible for trucks either 
due to physical constraints or to legal regulations, and takes general preferences of truck drivers for larger roads 
into account by using weighted travel times where weights depend on road type and built environment. In an 
analysis of choice behavior of truck drivers, it was found that the travel guidance provided had significant effects 
on drivers’ route choice behavior in the sense that provision of route guidance increased average speed, mainly 
due to increased use of national roads (Arentze et al., 2010). These findings suggest that provision of information 
can potentially reduce environmental impact. However, it is not clear how the amount, composition and spatial 
and temporal distribution of emissions are influenced by route choices changes, triggered by the new navigation 
information.  
Therefore, the purpose of this study is to evaluate the effects of such a new navigation system on the spatial 
environment. The major emissions varied by nitrogen compounds and particulate matters are approximated based 
on space-time trajectories and vehicle characteristics. Emissions on the suggested route followed by drivers and 
on the fastest simulated route are investigated. The spatial impacts on the built-up areas along the routes are 
identified. Moreover, the effects of new navigation information and route attributes on total emissions are 
presented using regression analysis. 
The remainder of this paper is organized as follows: Section 2 introduces the new navigation system and the 
field experiment. Section 3 presents the method we adopted to conduct the analysis, including the data extraction 
and filtering, and the spatial method using GIS. Section 4 describes the method for calculating emissions. Section 
5 shows the results of the spatial analysis on emissions and the regression results of environmental benefits of the 
new navigation system. The paper is concluded in Section 6. 
2. The new navigation system and the field experiment 
The data used for the analysis were collected in the context of a larger project, which aimed at understanding 
to what extent modern in-car navigation and guidance systems can be used to persuade truck drivers to use 
environmentally friendly routes. The new system for the field test is a mobile device that can be installed easily 
in a truck. The new navigation system takes specific requirements of trucks regarding accessibility of roads for 
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vehicle characteristics. The navigator avoids roads that are not accessible for trucks either due to physical 
constraints or legal regulations, given the vehicle’s dimensions (length and height), axle weight and nature of the 
transport (i.e., dangerous material). When the device is used for the first time, the driver needs to input the truck 
information into the navigation system. The navigator then can give route suggestions in terms of the profile of 
the truck.  
Companies that are active in freight transport in the Eindhoven region were invited to participate in the field 
test. A total of 15 companies was selected according to company type (own carriers or transport companies) and 
nature of freight and vehicle size.  In total, 100 navigation systems were distributed across these 15 companies, 
and the number of navigation systems varied between 3 - 10 systems per company.  
The GPS data were collected continuously for the entire period of the test, running from 15 April until 30 
June, 2009 in the Eindhoven region. In order to evaluate the effects of the navigation system, the experiment was 
designed into two phases: a pre-test phase and a test phase. The pre-test phase covered the first three weeks of 
this period where drivers used the system in tracking mode only. After this phase, drivers were instructed to use 
the new system in full navigation mode, replacing their existing navigation system, if any.  
3. Data extraction and filters 
Since the original trace data only include basic longitude and latitude information, average speed and distance, 
the data need to be filtered and extracted. Considering the requirements of model analyses, the data were 
processed in several steps. First, the road network data was used to match log points in GIS. Road attributes such 
as the grade of the road were recognized in the matching process. Second, temporal stops and real target locations 
were identified by setting appropriate time thresholds for no movement intervals. Third, the buffered road 
network data was used to match the GIS data of buildings to analyze the spatial effects of traffic emissions on the 
built-up areas. 
3.1. Identification of roads 
The GPS data was recorded in every 5 seconds to measure the position and speed of the vehicle. Combined 
with GIS data of the road network, we can determine for each moment the position of the vehicle on the road 
network. A detailed and exhaustive national road network database was used for this map-matching purpose. 
Algorithms for map matching of GPS data that deal with error ranges at the level of the GPS as well as map data 
have been described in the literature (Quddus, et al., 2007; Du and Aultman-Hall, 2007). Using a geometric 
approach, a buffer around each link in the road network (using MapInfo) was created and the road a truck is 
using was identified as the link of the road network containing the log point. For the quality of this analysis, we 
adopted a buffer size of 10 meter which has been shown to be optimal in previous studies (Du and Aultmann-
Hall, 2007). With this buffer size, links were identified without ambiguity for all points where the vehicle was on 
a road.  
The identification of roads allows identifying route characteristics that are relevant for the analysis. For 
instance, use of main roads tends to generate less negative impacts on residential environments and road safety 
and, at the same time, tends to be preferred by truck drivers. A three-way classification that distinguishes 
municipal roads, provincial roads and national road matches this information need and is an attribute in the road 
database. Municipal roads are local roads that often run through built-up areas and are used by slow, non-
motorized as well as motorized transport modes. Provincial roads facilitate longer-distance travel and allow only 
fast, motorized forms of traffic. National roads mostly correspond to highways that, as provincial roads, serve 
long-distance traffic and are exclusively accessible for fast, motorized vehicles, but, in contrast to provincial 
roads, do not have equal-level crossings and, hence, allow higher and a more even travel speed.  
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3.2. Identification of stops and target destinations 
Apart from position, the speed of the vehicle is an important dimension of the log data because it is a 
performance characteristic of routes, and it allows one to identify trip ends in the data stream. When arriving at a 
destination for good delivery, loading or having a break, a vehicle will stand still for some time, which is visible 
as an unbroken series of zero-speed records in the stream data. Not all pauses in movement can be interpreted as 
a trip end. There are many possible reasons for pauses during a trip, such as waiting for traffic lights, waiting for 
an opportunity to turn, standing still in a traffic jam, a short stop for looking on a map for directions and so on. 
Such stops during a trip are likely to be of shorter length than stops at a destination of a trip. As done in most 
studies that dealt with a similar problem, the time gap was used to identify trip ends in the GPS data. 
 
Figure 1   a) GPS log points         b) Origins and destinations 
 
In the current study, we used a 15 minutes threshold for the time gap. A stop is identified when the time gap is 
less than 15 minutes, and a destination is identified when the time gap is greater than or equal to 15 minutes. In 
this way, the origins and destinations for each trip and each truck can be identified from the GPS traces.  Figure 1 
shows the distribution of the target locations. It maps the GPS log points of all traces on the road map. As shown 
in Figure 1a, the locations are mainly located in the south of the Netherlands. The nodes shown in Figure 1b 
represent the target locations during the survey period. It is evident that some destinations (in yellow) are outside 
the Netherlands. Since the geographical analysis needs the road network data, but suitable data of neighboring 
countries were not available, in the subsequent data processing and model calibration, we included the location 
nodes within the Netherlands only. Traces that end in other countries were also excluded. 
3.3. Spatial matching with built-up areas 
The spatial impacts of emissions partly depend on the distance of the target location to the emission source. 
Since road traffic emissions are in general considered as a line source, the dispersion of pollutants will affect the 
surrounding areas such that the closer to the road, the higher the pollutant concentration. Further, the high density 
of buildings located in the central places of cities also slows down the dispersion speed of pollutants. Therefore, 
the density of surrounded buildings along the road will also influence the strength of the impact. 
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Figure 2 Spatial effects on the built-up areas (Buffered representation) 
In order to identify such effects, we used the buffer function provided by GIS. We expect that highways pass 
through less residential areas than provincial and local roads. Thus, similar to the matching of the road network 
with GPS traces, the road buffer is used to match the building data (data source: OpenStreetMap). When 
matching the road network, two indicators were written into the table of the road network: the sum of the areas in 
square meters and the number of buildings of polygons which cross with the roads. These values are only 
relevant to objects which intersect with the road segments. Figure 2 shows the spatial relationships between 
buffered roads and built-up areas. 
3.4. Route choice effects of the new navigation system 
Due to the fact that the new navigation information considers the attributes of the truck specifics, regulations 
and road attributes, the recommended route may differ from the shortest route. The shortest path was calculated 
using the A-STAR algorithm (Geotools) which calculates the shortest path between two nodes. Here, the shortest 
path represents the time shortest, assuming free flow speeds on each link.  
Table 1 Difference between suggested route and the traditional shortest path 
Route Distance (unit: km) Time (unit: minutes) 
GPS logs (Route 1) 14.1 15 
Shortest path (Route 2) 13.6 14 
 
As shown in Figure 3, the possible routes traveling from origin A to destination B are mainly the two options 
shown on the map. The green route (Route 1) represents the original GPS logs when the driver received route 
guidance. The blue route (Route 2) is the shortest path by travel time which may have been suggested by a 
conventional navigation system. The difference between the two routes is significant in terms of route attributes 
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(Table 1). Route 1 has a longer distance and travel time than Route 2, but involves more national and less local 
roads. In addition, Figure 3 suggests that Route 1 passes less through built-up areas than Route 2. 
 
 
Figure 3 Influence of travel information on drivers’ route choice 
4. Calculation of emissions 
Considering the driving conditions in various traffic situations and the fuel type of diesel trucks, emissions 
were calculated based on the average speed method. Since the major part of emissions concerns the hot emissions 
which happen mostly during the movement of vehicles, we consider the hot emission only. More specifically, the 
COPERT4 model was used to calculate NOx and PM emissions for trucks. COPERT4 (EEA, 2007) was 
developed by the European Environment Agency (EEA) and provides detailed technical guidance on the 
calculation of different emission factors. 
The hot exhaust emissions depend upon a variety of factors, including travel, speed (or road type), age of 
vehicle, engine size and weight. The basic formula for estimating hot emissions for a given time period, using 
experimentally obtained emission factors, is: 
, ,hot hot i k k rE EF N L= ⋅ ⋅   (1) 
where Ehot is the amount of hot emission (unit: g), EFhot,i,k is emission factor (unit: g/km) for pollutant i relevant to 
vehicle technology k, Nk is the number of vehicles belonging to vehicle technology k, and Lk,r is the mileage per 
vehicle (unit: km/veh) driven on roads of type r by vehicle technology k.  
The different emission factors, numbers of vehicles and mileages per vehicle need to be used for each vehicle 
category and class. With other parameters known, the emission factor is a function of vehicle speed. For instance, 
A
B
Buildings 
Road network 
Shortest route 
GPS logs
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the NOx emission factor for vehicle equipment matching Euro 3 emission criteria, weighting between 20 to 26 
tons, with 50% loading rate, running on the road with slope of 0% can be represented as follows: 
0.049 0.299
,
5.500 13.831 45.253x xhot iEF e e
− −
= + +   (2) 
where x is the vehicle speed.  
5. Results 
5.1.  Truck features 
In addition to the GPS data, the plate numbers of trucks were also available for further analysis. These can be 
used as reference for detailed information about vehicle profiles through the web database of RDW, an executive 
agency of the Ministry of Transport in the Netherlands. To calculate emission factors, the weight and the euro 
class of the trucks were selected from this database, as shown in Table 2.  
Table 2 Descriptive statistics on truck profiles 
Variables  Frequency Percent 
Weight of truck <= 7.5 t 98 65.3 
 > 7.5 – 12 t 38 25.3 
 > 12 – 14 t 2 1.3 
 > 14 – 20 t 7 4.7 
 > 20 – 26 t 1 
.7 
 > 26 – 32 t 0 0.0 
 > 32 t 4 2.7 
Euro class Euro 0 0 
.0 
 Euro 1 0 
.0 
 Euro 2 18 12.0 
 Euro 3 89 59.3 
 Euro 4 18 12.0 
 Euro 5 25 16.7 
Total  150 100.0 
 
To be consistent with the requirements of emission model, the classifications of weight were the same as that 
used in COPERT 4.0. It can be seen that about 65.3% of vehicles belongs to the class of light trucks (weight is 
less than 7.5 ton), while 25.3% belongs to the neighbouring category (7.5 ~ 12 ton). Only 2.7% of trucks have a 
weight larger than 32 tons. 
The Euro Class indicates whether the vehicle meets the European directives concerning minimum values for 
emissions of pollutants. It is set only for commercial vehicles weighting over 3500 kg. The current class values 
ranges from 0 to 5, indicating the control of emissions from low to high. As shown in the table, only 12% of 
vehicles are in Euro 2, while others have a level higher than 3. Only one truck uses gasoline, while all others use 
diesel. This is common because diesel engines get better mileage than equivalent gasoline engines.  
For the calculation of emission factors, we take the weight of the truck and euro class as input variables. Other 
parameters in the equation were assumed to have default values. For example, the loading rates were set to 60% 
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for all trucks, and the slopes of roads were set to 0 degree for all roads. This may slightly influence the amount of 
emissions, but such effects should not matter regarding the spatial environment effect of the navigation system. 
5.2. Influences on built-up areas 
To avoid possible partial effects, influence on built-up areas was measured in terms of emissions per building 
and emission per square meter, as shown in Table 3. 
Table 3 Environmental impacts on built-up areas 
 Route with road guidance Route with shortest travel time 
NOx / # of buildings (mg) 125.60 154.78 
PM / # of buildings (mg) 6.25 8.67 
NOx / square meter (g/m2) 191.32 241.14 
PM / square meter (g/m2) 9.52 13.51 
 
Table 3 shows that the advised routes result into less emission in terms of both number of buildings and built-
up areas. It provides evidence that route guidance systems can induce drivers to choose routes that cause less 
harm to the environment, compared to shortest routes, which would typically be suggested by existing navigation 
systems.  
5.3. Environmental benefits of the new navigation system: Regression analysis 
Table 4 Regression results on total emission 
 Coefficient Std. Error t-Value Significance 
Constant 9190.444 1124.571 8.172 0.000 
Route guidance -3915.171 1196.586 -3.272 0.001 
Distance 0.300 0.034 8.728 0.000 
Percentage of national road -6626.423 2986.435 -2.219 0.028 
 
To better understand whether the new navigation system has a positive impact on the environment, we 
conducted a regression analysis. The calculated emissions and the data collected for the two phases of the project 
were used to estimate the model. Three variables were selected as independent variables: route guidance, distance 
and the percentage of national roads. The total NOx and PM emissions were treated as the dependent variable. 
Route guidance is a dummy variable, with a value of 0 and 1 for phase 1 and phase 2 respectively. Distance is 
absolute distance between the start and end nodes of the trip. Due to the fact that there is different number of trips 
between the two phases, the indicators in these different time periods need to be identical before further 
comparison. Therefore, a weighting scheme was developed and applied (Arentze et al., 2010).  
It is shown that the t-values are significant for all variables. The result of the distance variable shows that the 
longer the distance, the higher total emission. Moreover, route guidance has a significant positive effect on total 
emissions in the sense that the provision of route guidance significantly reduces total emissions. 
6. Summary and conclusions 
Freight transport contributes significantly to traffic pollution and noise, and has a significant harming 
influence on health. Apart from road regulations, guiding freight transport outside residential areas seems to be 
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promising in improving air quality in urban areas. Navigation systems that guide truck drivers across 
environmentally friendly roads might therefore improve emissions and road safety. This might be especially 
important for trips within urban areas. Critical in this context is the question to what extent truck drivers will 
comply with the recommendations provided by such guidance systems. 
To gain more insight into this issue, this paper attempted to evaluate the effects of such a navigation system 
on the spatial environment. The major emissions varied by nitrogen compounds and particulate matters were 
approximated with respect to hot emissions. Emissions on the fastest route and the suggested route followed by 
drivers were compared in terms of their impact on built-up areas, using a 10 meters bandwidth. Results indicate 
that such a navigation system has a significant effect on improving traffic emissions. The routes suggested by the 
new navigation system lead to less impact on built-up areas than the shortest paths.  
Because the results reported in this paper are based on a limited number of drivers, in the future, it would be 
interesting to conduct a larger scale survey. In addition, the general acceptance of such new navigation systems 
might be studied in more detail. Another relevant research question is to study the longer term impact of such 
systems: will it lead to permanent changes in route choice behaviour and the development of new habits. 
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